INTRODUCTION
The rotating disk is an excellent system for the study of localized In earlier work, the mass-transfer rates in transition and turbulent flow were calculated. These results can be used here to calculate the corrosion rates for a disk upon which the three different flow regimes may exist simultaneously. LaQue used iron disks of 3, 4, and 5 inches in diameter rotated at 122/s in sea water. The Reynolds number is sufficiently large for the periphery to be ·in fully-developed turbulent flow. With the benefit of the mass-transfer rates for large Reynolds numbers and a kinetic expression for a sharp demarcation between active and passive states, a model is developed which allows comparison with LaQue's data. This is an improvement over the work 6 by Vahdat and Newman, which permitted qualitative comparison with the experimental evidence. The present approach is aimed at removing some of these limitations to show quantitative agreement with the experimental data.
Model Development
The corrosion reactions on the surface can be expressed as:
The rate of each reaction varies across the surface. For corrosion to occur, the total current from the anodic reaction must balance the total from the cathodic reaction, hence I = 0 = I ++ + I Fe o 2 (3) A model must consider the kinetic rates of the two reactions, the potential variation across the surface, and the mass-transfer rate through the diffusion layer.
Electrochemical Kinetics
Since iron is an active-passive metal, the form of the electrochemical reaction is dependent upon the potential range under consideration. For values of (V-<f> 0 ) 2_ (V-<t> 0 )* , the reaction is considered active. However,
for larger values of the driving force, a passive film is presumed to exist.
The presence of this film prevents significant electrochemical reaction.
7 From Pourbaix's results, it is possible to obtain the current density at (V-<t> 0 )* ,, where (V-<f>o)* is the value of the potential corresponding to the maximum current possible. 
is the stoichiometric represents chemical individual reaction (5) The flux of an individual species at the surface is related to its participation in each reaction by
is A Butler-Volmer expression can be used to express the local current density of each reaction i. in terms of the local value of the surface overpotential
The exchange current density can be written as iO,j = iO,jref f (:~·0 ) y ij 1.,ref (8) and a .si.
where for a cathodic reactant and zero otherwise. The surface provided that activity-coefficient corrections can be neglected. For the work given here, the saturated calomel electrode is chosen as the specific reference electrode. With the definitions given above, the expressions for the iron and oxygen current densities can be expressed as 
Potential Distribution
From previous work on rotating disk systems, the solution of Laplace's equation for the potential can be expressed as
where n and ~ are rotational elliptic coordinates. These are related to The diffusion layer is also considered thin enough so that the local current density can be obtained from the sum of the partial currents or from the potential derivative at the surface. An additional equality is The potential distribution is ""
where np and C,:p are defined in equations 16 and 17 with r 0 replaced with r .
The potential on the surface of the disk is given by 00 00
,. z.
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By considering the logarithm of the integrand to be linear in log R, an analytic form is
The discretized form is similar to the form of Acrivos and Chambre except that the constants are evaluated according to equation 37.
Results and Discussion
The results of the calculations are compared to the experiments of LaQue in figure 2. The physical properties and parameters used for the analysis are given in near the edge. The oxygen current density is mass-transfer controlled.
Hence the rate is uniform in the central region where laminar flow prevails. As shown previously, the mass-transfer rate decreases at the beginning of the transition region. Following the sharp dip, the mass-transfer rate increases for the remainder of the transition region. In the fully developed turbulent flow regime, the oxygen current density increases but more slowly than in the transition region.
The variation of the ohmic potential is provided in figure 3 for reference. ~ is more positive in the center of the disk than near the 0 edge. This is a consequence of the higher anodic current density in the center and higher cathodic current density near the edge. ... ·-0. 6 .
I . Results are presented in figure 5 which illustrate the effect of the oxygen concentration on the corrosion level and its distribution. The oxygen concentration is half the value used in figure 3 . All other parameters are the same. For the lower concentration and lower mass-transfer rate, the point of passivation moves inward, since the total iron rate must be equivalent to a decreased oxygen rate. Although corrosion takes place over a smaller portion of the disk, the average corrosion rate is higher on the active portion with the lower oxygen concentration.
Results illustrating the effect of solution conductivity are presented in figure 6 . One expects the corrosion rate to be higher for the higher conductivity, since the ohmic drop will be lower. In addition, the corrosion occurs over a smaller portion of the disk to balance the unchanged oxygen transfer rate. The effect of conductivity on the corrosion rate distribution.
It is also interesting to note that for conductivity values lower than -1 about 0.035 (ohm-em) corrosion will not occur (using the parameters previously defined). The conductivity is so low and the ohmic drop so severe that the iron reaction can not balance the oxygen transfer. Hence the potential is shifted to values such that the entire surface is passivated.
An envelope is presented in figure 7 which separates the corrosion region from the passive domain. Above the line, the disk is completely passive, whereas below the line portions of the disk may be active and passive. The axes are approached assymptotically. The rotation speed reflects changes in the oxygen transfer rate, whereas the mass-transfer rate and ohmic considerations are affected by the radius.
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